High flexural strength is a desirable property for denture base resins. Currently there is a lack of published studies evaluating the physical properties of newer denture bases such as the CAD/CAM milled bases. The purpose of this study was to compare the flexural strength of three different denture base resins fabricated by compression molding, injection molding, and pre-polymerized CAD/CAM milling. Three groups of ten PMMA acrylic denture base resins were processed into rectangular plates for total sample size of thirty (n=30). The groups differed in their method of processing and resin composition. The three groups were injection molded (SR-Ivocap High Impact, Ivoclar Vivadent), compression molded (Lucitone 199, Dentsply), and pre-polymerized CAD/CAM milled resins (Avadent Digital Dentures). Following storage in water for one week, flexural strength was measured using a 3-point bend test until failure. KruskalWallis and Mann-Whitney tests were used for statistical comparison between groups.
In order for a denture base to be successful, it should exhibit several important qualities. According to Zarb, dental resins should be biocompatible, esthetic, cleansable, easily repairable, adhere to denture teeth, and have adequate physical and mechanical properties.
(1) It also needs need to be fabricated in an efficient, yet economical manner.
Denture base resins should have enough strength and toughness to stand up to forces generated during function while also being dimensionally stable for many years under varying thermal conditions. (2) High flexural strength is critical due to the uneven force distribution the base will endure as the alveolar ridge irregularly resorbs. Therefore, it
should be able to resist plastic deformation and fatigue resistance under repeated loads.
Historically denture bases were fabricated from materials such as wood, ivory, and bone. Dental polymers were introduced in 1853 in the form of vulcanized rubber, a plant-derived latex. (2) This material was widely used until the introduction of polymethyl-methacrylate (PMMA) in 1936 which remains the denture base material of choice today. PMMA is the polymer of methyl methacrylate with a chemical formula C5H8O2. It is a colorless polymer that goes by the common name of acrylic. PMMA has many physical and mechanical properties which make it a suitable denture base material.
It's one of the hardest thermoplastics with a high mechanical strength and modulus of elasticity. Additionally, the low water absorption and dimensional stability over time makes PMMA a capable material for the dynamic oral environment.
Numerous acrylic resins have outperformed PMMA, but most have not made it to clinical dentistry due to difficulties in processing and higher costs. (3) The chemistry of PMMA has evolved over the years. In addition to alteration of polymer chain configurations, multifunctional monomers have been utilized to enhance crosslinking.
(2) Although these enhancements have greatly improved several properties of PMMA, it still has the inherent disadvantage of having a relatively low strength. Denture base resin strength is dependent on a number of factors and is non-linear due to plastic deformation that occurs. (2) Clinically, this translates to deformation of the base under heavy loads.
While some of the deformation is recovered, some permanent deformation remains.
Several PMMA denture base resin types are available today. Their compositions are similar but small variations lead to different physical properties and processing methods. (2) They're provided in a powder and liquid and used in a ratio of 3:1. The powder typically consists of pre-polymerized PMMA and an initiator, benzoyl peroxide.
Additionally, it includes opacifiers, pigments, and glass or nylon fibers to give the PMMA the desired esthetic. The basic liquid consists of methyl methacrylate monomer with an inhibitor, hydroquinone, and a plasticizer, Dibutyl phthalate. Manufactures will combine different monomers and polymers to produce a product with their desirable properties using copolymerization. High impact resistant resins incorporate rubbery comonomers such as butyl acrylate that results in dispersion of rubber inclusions.
Therefore, decreasing likelihood of fracture if dropped.
In heat activated resins, thermal energy activates benzoyl peroxide which initiates the polymerization process. The heat may be provided via water bath or microwave energy. Alternatively, the activator can also be a chemical rather than heat.
Chemically activated denture base resins, or cold-cure resins, do not require thermal energy but use tertiary amines to activate benzoyl peroxide. Generally, the degree of polymerization reached using chemically activated resins is lower than heat activated resins. This yields excess residual monomer which acts as a plasticizer negatively affecting the physical properties. It's been demonstrated that dentures made in this manner have lower mechanical properties than those made with heat activated resins. (4) Another type of denture base resin used is light activated denture base resins. These have a matrix of urethane dimethacrylate, microfine silica, and acrylic resin monomers.
Visible light activates camphorquinone which serves as the initiator for polymerization. The purpose of this study was to compare the flexural strength of three different denture base resins fabricated by compression molding and injection molding, and pre-processed CAD/CAM milling. The null hypothesis was that there is no significant difference in the flexural strength among the three groups.
MATERIALS AND METHODS
Pre-polymerized milled rectangular plates (64mm x 10mm x 3.3mm) were ordered from Avadent Digital Dental Solutions. A vinyl polysiloxane putty (3M/ESPE) matrix was created from these specimens. Pink base plate wax was then dripped into the matrix to form wax duplicates. Three groups of ten PMMA acrylic denture base resins were with a significance level of p≤.05. The Mann-Whitney test was performed when a difference was detected between groups with an adjusted significance level set to p≤0.017.
RESULTS
The flexural strength of the pre-polymerized CAD/CAM milled acrylic resin group was higher than that of compression and injection molded groups. The compression molded group exhibited higher flexural strength than the injection molded group. The Mann-Whitney test showed that the difference was statistically significant (P=0.001) between the three groups.
The milled and compression molded resin groups fractured with minimal to no plastic deformation in contrast to the injection molded resin that displayed pronounced deformation. This could be visualized by re-approximating the specimens following fracture. (Figure 2) The data for the means of flexural strength of the different groups are shown in Table 1 and Figure 3 . The mean value (SD) for the pre-polymerized milled samples was the highest with 145.61 MPa (6.58), followed by 116.61 MPa (3.14) for the compression molded group and 86.73 MPa (7.06) for the injection molded group. Table 2 shows statistical differences between each specific group. When the injection molded group was compared to the compression and pre-polymerized milled groups, significant differences were observed (p=0.001). Likewise, when comparing the compression to the pre-polymerized milled groups, a significant difference was noted (p=0.001). at the pre-polymerized milled resin flexural strength, this data is in disagreement with a previous study comparing compression and injection-molded resin. Gharechahi concluded that injection-molded resins had a higher flexural strength than pressurepacked in his study (26) . While his methods were similar to the present study, the compression molded group was processed with an acrylic from a different manufacturer.
These differences occurring in most published studies should be considered, as manufacturers do not disclose the composition of their products.
Limitations of the current study were the lack of cyclic loading and thermocycling prior to the three-point flexural test. Also, the samples tested do not reflect the shape of an actual denture. The effect of thermocycling on the flexural strength of denture base resins was examined in a prior study. Thermocyled (5000 cycles) samples of Lucitone 199 displayed significantly lower flexural strength compared to samples that were not thermocycled. (25) This is due to the effect water has on the physical properties of processed polymers. Structural changes occur to the polymer chains as water molecules interfere, acting as plasticizers. As a substitute, the samples in the present study were submerged in de-ionized water for one week to simulate the aqueous intra-oral environment. Additionally, cyclic loading would fatigue the samples to better simulate intra-oral conditions. Although a previous study showed no significant difference in flexural strength between heat polymerized specimens that underwent cyclic loading (10,000 cycles) or not. (5) The higher flexural strength values of the CAD/CAM milled samples may be attributed to the higher degree of polymerization. One of the major determinants of resin strength is the degree of polymerization achieved. As it increases, so does the ultimate strength of the resin. Using propriety methods, the CAD/CAM milled dentures are milled from a solid pre-polymerized puck. It is assumed these pucks are polymerized to a very high degree using equipment more sophisticated than conventional methods. As a result, it yields a highly condensed and less porous resin. (8) Conversely, this is why chemically activated, or cold-cure, resins exhibit decreased strength and density.
Differences in flexural strength may be credited to the different composition of the polymer and monomers. Resins that claim to be "high impact" may incorporate rubbery comonomers such as butyl acrylate that result in dispersion of rubber inclusions.
Consequently, the impact strength in increased. The compression and injection molded groups in the current study claim to be high impact. However, it is unknown whether the pre-polymerized milled resin group were. These resins may negatively affect the flexural strength at the expense of increased impact strength due to increased flexibility. This study investigated a specific mechanical property of three commercially available denture base resins. No prior studies have been published examining the mechanical properties of milled denture base resins. Future studies should evaluate other mechanical properties such as the impact strength and fracture toughness of these prepolymerized milled resins. Avadent Digital Dental Solutions also mills monolithic dentures where the teeth and base are milled from a single piece. They claim these dentures can be up to 8x stronger than ones processed by conventional methods, yet this has not been verified. Clinically, a resin with a higher flexural strength may be less inclined to fracture during function. Thus, using a milled denture base may be beneficial in cases where you anticipate heavier functional loads or a patient suffering from multiple denture fractures not due to accidental drop. Due to cost restraints and ease of conventional denture processing methods, this is not always feasible. Most clinical situations are unique and therefore material selection, depending on the situation, is paramount for denture success. While the flexural strength of the injection molded samples was the lowest, it is still a suitable material and its properties may be advantageous in some clinical situations. For instance, in implant fixed complete dentures (IFCD), occlusal forces are much greater than in a removable complete denture and commonly suffer from fractures. This is usually an emergency and a difficult situation for both the clinician and patient. One solution is to provide a material with the highest flexural strength and prevent the fracture all together. Alternatively, using a material with a low modulus and ability to undergo permanent deformation may prevent the fracture from ever occurring. Future studies may provide guidelines for material selection in dentures for specific clinical situations.
CONCLUSIONS
Within the limits of this in vitro study, the flexural strength of a denture base resin may be influenced by the method in which it is processed. Pre-polymerized CAD/CAM milled denture resin exhibited higher flexural strength compared to the two conventional processing methods, compression and injection molded. The milled and compression molded resins fractured with minimal to no plastic deformation in contrast to the injection molded resin that displayed pronounced deformation. The results suggest that pre-polymerized milled denture bases may be a useful alternative to conventionally processed denture bases in situations where increased bending forces are anticipated.
